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A pumpsprasscrisod ovoddn, gynton fop the Glorope.dant rooket
wotor nowsde iws vden cwusLrdotod and cuddbrateds  Shlkedown Luots wero
purtoried uder sluadyestito coudilivue at « clmber prosswe of 600 pei,
and resulta are, in jenurad, owiinfaotor;e o snaid orack ouserved in the

300 pel injuotor Laow, usuu un thw st surdes ol rans, appears Lo te

" due Lo & slruss cuuvenlTavion and hus vuen oorruclud An suveequent

an any of the bipropelian’ ssatem cumponenLe,

ELIN

injectors Ly the use of ruldevin; ilisctee 0 oLhar dama;e lws coourred

Steady statn waler tlow calivrations wers periormed on the
cavitawing vunturis, 300 and () uei injuctors, and exisuing fovw
m&»m wildt pistonss [hwse tuule lave voun used Yo auvauidish the
dnite of epuraiion of the various cuimunents in conjunctivn with cash
other, and wiis bu used fur d&tmx:lmwion wi proper setuingy and test
oonditions for lortheomli te:n with rlow modvlation.

Devasopiaent has continved on the hutewdre {iow phaswister
probe and apidfier, and 8 nunoer of diflerent type wroocs have besh
tnzved for seneitivii. and .‘ppmm“n W thu Lype of ftov snoountered
on these tou.ss Additional devesspumenrt ik on tiw mr;dnor has
removed all inheront phase silift from the ayum“md My Leun uuoooutu.g
in providin; fiat frequenay response in the range reyuireds A nethod
for dotqﬂﬁninu the response of the hot wire when used in tho sys\en
oonﬂgw;tim with the uow-mduluim; unit his woon desiyned and
buiite ihlu apparatus wiss perndt dotuction ui any inhcrent phase
Mg intwroduced by the hot Jire ivswlf,

.
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lmf'.};/xmnm of tho inslranuntation system Lr nesrdy gompletes

add ma oy ovwponunta tave i chuotad with Lho exception of the

sathode foidowers, Lilters, and phase-rivasurd,; device whioh are w
b naed lor the dynande rocoriss  Ghookout of the constontephase .
m‘m&m and Yhge reaorder ruvealsd the nuonilt.y lor a Jowfrequensy
end p)M shift network and an sdditionad output attununuor on ‘e
anpiifiers, and phase conpensation wms no‘:um;: un Lhe Ampux tape
recorders Thees w; oumponents now b"'rmu savlefuctorily ca als fove .
shamnels, As reporied previously, all of vhe transission Jdee sysiems
and mean value e0ording systwss are operatimg satisfestorily withis
the maxiaum pecmiseiile exrors as reyuired, |

"o&-&lmﬁo“muommwwuﬂ
bipeepeliant chanber, and agnarently are perforsing “W :
12 a)l respeese emeept for m‘wwbu uumd
tsperature drift, which, howsver, 1s apparently quite predistebles

.
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NinAge Contrent Wws Sh!Wquwmu*
Jot prepiision resesrch wugren of Uw Lepartemnt of Aerensutiesd
mginecting &% Prinoeton to "sonduct an Lwaetigation af vhe jenered
pt"ob.'.fggot 'wuon Anstabiliey in iiquid propei.ont rosiet englnps.”
this peagram shall ognedot of vheorsiieal analyses and wperimmatal |
varifigation uf theary, ‘The ultiuate cbjective shaii be the collestden
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o
of wadidodame dabi Wl ohiad pondd Wy reuhiot ag it kg b prw.mu
power olaate whiol wra el Wedy Lo 6}‘ Vhu phenationis o) Lasoabldit/e
Iatoradl shalild guntor ln hal Forn ou dsunbhy oporatlon woloh s
clmm‘;wrimd wy Bl Nrequeny virstlon aid o «:umr;mu;) Rodwn ww
porwnninge®

By quwy”
'an at Princaton ia the problem of oombustion lostability in
m propeilant rooket notors was rives impetus by a bureau of Asyonautios
symyasiun held ot he Mavel Research laberstory on the il and Sth of
mhﬂ. This interess reswlbed in {hearetisal analyses uy
,;ml.mmmm&.muonmhu.
‘ Notasssr Samartield’s wurk, ~mummm§ua
mwwmnwn.mum.mm °
q’MUhamaMMthmmmmm
K. . ,Iﬂmmnmmmu»mmwu
mmawtvumwmnmwmwmm
WWWa.
o Wmmmmidwmw

WWM (A, Neabar mm domaron, 2050),
g iy Pupfumaitle Y Cr0n WML3 coneept, 152 wiAlyses the
) ﬁ“:‘“lllm Mwmmw-. Jow m»mm
m,idm VIR MgPopelInsg and Kigh fromiency Lnmtabliley, Abh
M sonomrated at the end of thu oomuuuvion m.
| basiping 10 it the GmORpy of & prssere depeudant ti;n g
%o wmwimentel tank, & profintney proposed wer wade Uy vhe Unlvasadsy b
tha wivean of W\wioa L0 the masuswr of 354, aud following & Larmal,

P~
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roqrest, u rovlsod proposmd wad subedttod whlah pesuitod n Gontaout
limn L Tidmos - S
; Anadyticad ut\mw% with congenirated and debedbubed eoulmetion

" had bewn carried on in the meunting undor Profunver Urgsco's dlruat.ﬁ:on and
vthin the upmammﬁ of the lig.enheim Jet Propuision Center by 3¢ 1. Oheng
and wers Lswued a0 his Phel's Lhasds, “intrinaio Hiph Froqueney Gorbustion
Instadilivy in o Mauid Propellent Rocket detor,” daved April 1952,

: Time was devoted, in antioipaidon of the somtrack, furing the
et mu of Ip52, w oconsructing fecliities, ucurma parsoiuied, and
planning ﬂn experimential appronsh,

Daring the Mmtmomﬂ\pumdushmwm.
m and faciilties at the new damcis Deirestal Ressareh Center wore
sasigned, and She initial phases o/ \hmtmmmmpuu-d
h om0 dotalle ¢ |

| A osmstant mo-m-mn fosd aysiem was dosigned and
. \ 'mmwwwmmumm“mmm
Mmmwmwhm. mexmmm
N mw a ﬂw mum. Wit to caune mﬁpum in prepaliant
;w@, M rate, a wber-00cied urun-mo crenaure phekup duz.md for £lush
"""" " mMAZ An the ruoket chamber, and seversl pessibis w ads for dymanis
- MaRUpsLent ol an csolllating mmt Liow pate,
Searchey wyre nade of Lo utorutm for sources of wmm
| - Wum instaud Mty und sthylme oxide, and vhsits to & nunber of
Whs 3 gativitdes workin; on mma propeiant muor. QORGUSLAGE ADaLALE ALY
pmm woxe rude for uurpoou of fumiidarisebion wivh equipsent snd
rosulte, K q o
The bacle predepts of bmow'u mory fop nmbuuuon inatebisdvy

s
=i

wex'e roviewst, nd devaliel snulysuy wade tor spacifie putierus ol eombustion

I . i 2 O
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wpueALionsd tanty and omdlbruvion of the Frinewtonst presmure
platcan proved tho value off the dealiny &ithowsh fallweg uf the pLoku\p uudoz‘
naygvandne et rookat conditions showed the xwaaauiw ior modu‘tomion of the
oo ling wystom,

Conptruation of Vha monopropellant tast stand and rocket motor
was oonplateds Hodhthoaviond ware wada to the ItinoetonelIT pressurs
plokup o provide for higher permissibis heatetransfer rates in order that
it be méhhcuory for use under “sureaming* conditione in a bipropellaat
rosket MOtere OComstrustion and preliminary Lweling of uhe hotewire Llew |
pheseneter and ite associatod equipment were oorpleted.

A new contract, Noas 53=817ec, dated 1 nmh 1953, wea yrented
by the Jaresu of muuca 1o epntinuu tho mu originally mtd
under NUas 52=713=es Woaration of the mpmm rooket noter m
begw under Shis new contract, and chakedown opsralions were oampleted.

It was found vhat dsgomposition of sshylens oxide eoﬁd ngv. be atsained
with thw ewiginal noter design despite many oonfiguration changes, aad
it vas deeidod to aveid s ion; and ceetly development pregre.ty opevetly
the Seemepropeliant® Rotor with MLl AROUILS Of KASSOWS OXYESDs The
roquired Misdts of oygem Liow rels wer« detemined at severel ehanber
mwma, and iy ws denonstrated bhat vhe oxyyen would prosavly have s
mn,:dbh sifect on perfornanse when ocmpared to the effect of ethylene
odde flow rave wodulation, Puuniurr Lusle with fiow rave modulavion

wp to 100 ena were periormud Yor Uhe purpesns of system ohookout, USIng
Anterin AC nmliﬁqa in Jdou of the nooospoary DC instrumentss

e tine conslont. of che hot-wire Mquid flow phassmeter wes

»

found to e Deldh WiLiiseconds and preparations lor Anstantansous fiow

[T



 Saddbratlons wore mades A bout ¥l a0 goustraotod Poe Vhle oue vty

A twpsopellant pooken vyowing nelay odogwid oxgoon und L0, ethyd

'g; : adgohol wnn canigned on the Linle ol monopropeslant operational cxpoviisivey

E v inoornorating ms adjustable phase flow nodulatin,: unlt on both propeliantes
Injoutor design wae hmd ona mmgm\um wsod extonsively ky mwm
Notows, Inoe ‘ '

cpnmaoc the monopropellant system wes performed witl tiew
nmunmwmwmm.uw oompesite Wm
w-uwmmwmnuumum.mm

of Ahis progren demnstratod approximste adherencs 10 16 Presuarestine
Mg Pelationship weed 1n Oroece's eriginal \lesrsiisel Lieatumsts Abourney
of \he nesvwrenine W not adequate to provide & detaiied ehees oi:.i}% |
o m, however, oo - m\» MM develepment, mm
X e MiWelnan Slerteemgaetia Comater proved waseM efattery
hphmmum wad had % Le abandoned a8 & poerible meens
| of meswriag Amsmtasecus flov ritoss The i damie fimewier alse
| M asher o wechenisel failures, M&mm&ow
mﬂlMt offort on the hoteviry, whish, of all (WM!.
“m-up-‘umumnnmmmn '
o wwomumuwmmemmmmmm
we somplrted and m stale nixture=ralic tests wale run nmmw
ALl ewmpenents of Lhe bipropallant tesi wiand were checked ewt lncluding
Whe flov modulaking wnit, which was oparoted at wpeods up to 12,000 N
Prorese of the instrumeniation refining program was sulisfostory with Lhe
. - mesn valuo rgoording mwé\ and the tracsedesion line netwerke providing
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matir S wory mmm%.:hsa. ROOUrAnY s

S\.qmumt aflorty wey prwsented da dotsid dn the prosent reports

»

o

A

A t.hoonum analysis of the phase lag hetwesn pres-ure and

o nw rato antima An the suirletyps monoprorniiaat injeolors we

maday This pﬂntu JMuetratog the faot thatl the' necossary corrections
0 She recarded mm drop omeilistions aoress the injeotor Ln erowr to
abtatn the iastantanecus (low revs are apprecisble.

| kcladiy-aymmetrio flow of an incompressidle fiuld is eeeumed

: ;‘,Jumhmmmmmnyw rmswmmxwmmm

‘mmumamumm boili & phase la; and an arplitude
nuohummwtm hmwwamum u\muu
m mmwmnmm tmmmm,

' mmoummm:m reles,s. The resuits demmetrete,

mmmmm*wmon mmmmamm that they
mummmuwmm which s\Samprs W relate the
A.mmuwnwmmym-mmm. “Wntt)

o v‘ $180 &5 Wotewtre touts arv svallable for naking experimwntil sheeks
T o S enadywtty the iheareuderl resilta VL. be used drectly fo

W,
mammmsmmnmmmmnm.

Detadls of the analysis appoar in Appendix A of the present reperds A
sadlar analysis will be made tor the Lipropuiiant injeotors

e ACGAATUS

Ao Monowopuliant losket dotor .
The monopropelant rooke v rolor has Luen Geud uuring this report
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porkod eeloweddy ug o wohlolt vor oule on bhe hotealeo Duwow phenaan. v
Ao Ll ety davdoe aeoow wend baodeborolnbdeng oo Uy uroli pueonony

vy B boan saaedad Wi thy mhadt o) the MOTOPRCLMdy LA weeludating,

©owrdbe by dovicw wils bo disovgnad Ludov at swio Joncth onder

* {na leurwatat Lo gt

Be ldpropellant Hoaket Jotor
A noaxle Soolant pump and ito deive notor have boon dnolaldind on

"NOWbumh Voot stand Lo order to supply acequaty cowlin; ser Vi
‘”m-z novsle, ‘Tis instaluatlon is show in FLoure 14 A Ty P Anduotion

woher yotating at 1725 RPH is used W drivo a hydraulde jear pwnp with
a r&od upud‘.w of 1Y gaddons por ninute at 1200 M sid JO00 psde ‘Iwe
M Ommtrols, 1ne. m.m valves are instalied on il ,wep outlet, one
) ﬁc 48 setting Lhe rﬂuu-od coolant. pressure, Wi viher o uo “a
ately sverload reldef 1 oanv the nozsle ovolant pm;uq', shoudd bucwie
sbeuruotud, The operatin, nondiiion of uhe cvoling syw.en hus Luwa set

. W pei nowale ovudant inlet precsure and A0 pei outlut. praivsurs, wish

& osolant Llow in tho present nos. .lo ol wp roxmuw 4 pouns por saconds

. Ww has Lewn sade 10 Awubde Lhin Guudant .low by momma uonzle
. “uhm mmn Aniat and outint nroan Lov weste at ndjher chanber pressures,

M the presual Liow rate 1 hoorollowdd, owpedle ol peraitting heat
transler rates throwh thw ooppeir msh e b Al doam | Bt per uquare
ined .pm' sscond without damage 4o Lho nostle, |

After dleayouibly of Lho chorina duy o the ourned nosnly
desoribed in tha last warterly fro ress Heport, carerus oxasinavion of
the 3% pad iu.jw't'«or revealod a halriiau ceack dn oho lujoobor Jaso rurming
ocmp Letio Ly umund tho apex of tho Veproove waloh sorms vhe oxlt purdious

of the impinglng Jet oxdfioems  Fho orach ol aiparunbly it WO 8L

. o
o andbba by JRen AN , P N e ﬁ‘mﬂa . . S .
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aeigatratdons loadacod b wm.r.-u. Pl ba vk, VepPoovo wr ity dnd % new
300 i L:Jvm. A faorkonsed with w oo mdod apex to reddery Yhde
sonditione  The uatura o the ook is shown n Ulgure 24 Unfortanately
the Mt (0 5&1 injogtor had been febricuted prior to x;ntici;z,,; o the
orack An tae 00 pel injector, and, 's.r. L aenuequenWly being used with |
anrons oare, a detailod inspection of dus murfasw velng made after eaeh
wene Meamwhile, & ..ow streosevelisved (00 pesl injector d.a baing mame
fast swd W YOpliase 1L ub \he ml!.‘wt porsible time,
| dwior to continuing the rooket movor tuste, a seriss of wher

-Wncnct asth 300 and 600 pei bipropoliant ovanananys e
ihb % oslablish the opawiisg liaits of the eavitating vesturis-in

L cemjunesien with the Dow medulating wit, hic wes dane in wrdep %o
i .. emablesh et the presvure ceelliaiiens introduoed ty the Flev medulating

’Q 1 mmmmmmuuumwwuu.nwn&n
B ”’E “heng, eause She iR, ustion presswe 10 Qrop belew the chambes prestusde
s ‘E& Iage qa\n with a oingle set of phevens, muuumm‘
T 4 veue nd both 300 and 600 patl injeetors. The Mult surves Aw s
| ’& ) mMMormmmml'wmzxurmeMm

pressudes selosted for both steaty=state tesLs and teste vith flew
nodulations | -

Mukedown testing of the bipropeliant system with aleohel and
Wquid mn vas satisfagburily eencluded ai 00 psd chanbr nressus, snd
prsaretions were rade for Luginidng hot tests with tlow nodulatien st beth
300 und 600 nad ohawrber pressure with A singie set of bipropeiiant £low
modulet iy put;auu. Plotons of addivivnal diumeiers Yor ou'w_ rapges of
wodual g froquene, 'm,.t not he put into naanfagture until the thworetisul

duturidination o e proper Dlovon sles Ly cunlirmikl on Wheae rorthooning

tonts,

o




Alw

§ 8y Dowtrwauilation ,
! - ihe Deade rocurding syesten Vo b used ou rioudpropaLbIt and
bWJ.M venle e now gomplety,  Onlitsaldon technlgoes and nystoem
' QW methods huva Lown wuuablished both Zor mes vadua axiponente,
u W in the lasy repors, ind wiso for tw peeliiating portions of Lhe
| s AW siynals, the transient dava recording system, sonsivting ox'
i “?*m phase AC maplifiers, a four ochannel preaspiisiive, Uhe four shannel
| &*w four channals of & cathode follower tor matehiny tin Lape

mmumammwmmmam

wa ot t.uphuu of & siynale

, . Oepletion of Centwal m Room rovisions Ld mpprossking,
,ﬂmhmmmmmw vhioh full seals testing ray be

' m withous impedimeat, Photo;raphs of the revised Central

" Naderdiag Bem layeut are included in Figures 3 end L, sbowing tho fuil
mz nnwnt Lor tvmwm datn f¥om the Lewi oeils Lo he
veriows pleces of squipwent. The convenient wrrangemant of steady suatu
and transiess rosondiag dostrwosats has resulied dn highly improved effioloney
of operalion v the insiruments wnd reduction of yyuml‘n:rror i recording

\MW«
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ds

Wtanalve devolopnent an the Lol wlow Livw plinnenotes wan carrlod
out dwring whide seport pariode  DALLeruny dovdyng ox probe w;rn ey L ok
with 18 atserpting to detorming the optivum m}m‘mmum, tor momsaring the
falwly high frequency oseillations in tho hlgfx eneryy Mauid Mre at high

mmo The orijinally cvnsldered niokel prole of (002=inch diameter

mmwuotmmtmmmwmmwummmmm

e"yhmtmdm wmmmmunm of niokel wWyw in the forw
"cuuummdwwmm-mummumom«.om '

“iffoetent resistinee for the required sensitivity, Axpuriments to Lsprove
muwmummmn.mnmmmaﬂmumwtm
of Smgaten Wose Sickoess oould be CONLFOLISU B0 88 Lo OomLrel the

! m.- and hende the sensitivity ol vhe probe av wiile Unfortunavely,

proliss Laoriseved using this techaique proved both oxpensive and two |
MMMM@«MMM Ammmmmgmuump

n;ﬁl“-cum 4300 inakss in dlamwier, and instead of tungsten,

*~ m £t s piated witlt & ocoptrodisd thickness of niskel,

’mhhmm‘mmmwmmotcw

MMMumwumummmum
Muamdhmumw«m Nesnvhile & nadvar
ﬂanuunmmmmuumnummu

._M.nmummmmummemmum

,hq@mummm, wplifier and treassigeivn Nysien, Ihe

l,m'mmmmbrmmmxmmammu

Pesiotance S Whe range to previde sigals adegaate Jor test wak,

.« Thhe probe wis mewted in a ulrdight pipe in the leed Line
A% Whe approximats Jogation of 'i.ht rookat motor, snd weuer LeuLd with xm
moduiation ware performed 1n order to culabldish wire opsruting LePoraturen

arMa L e bt AN - . PR



sad SYoaengy ranga of Lhu nylon, e
Cam ooty dovlo o menvdonod eacldas wlld e geed duedayy the
Larthooring ropocy peadod to v etooiiel obe rooponng Lime of the pruke under
v its oxpooled operavins sondivions in the fullowin, ways A wrgo gsuidnloss
el dlae mww.n;k; u vory saald ma et ab it oulor edge has been mounted
on the shaft of the monspropellant flow odulutdng @ ndbe A plekwp ovid
mm on vhe thrust svand itanlf mroduces & signai overy tins the magnet,
wich is ua-'m at tho topwdeadscenier position of the fsew mdn.hun;
plston, passes the ocdle Thus, the slapsed time otwssn the indestiag mars
aad & sharacteristie pednt of Lhe hote=wire Lruae may be neasureds Vien
. this %8 done at a mmbep of modulating frequencies, this measored wine of
~ the elapsed tine shouid be ossontially constaat, regardless of the frequeney.
| 'l‘mhmmmm. then the rospomse tine of the hot ire is
W rapid that it may oo asawed % respond tumiou\nly ‘b
seelllat’ Wme up to the maximwm opereting frequency of the fisw medulatlig
o wite heee Lests arc beln; made tc oorroborate wnder simulated tust
| eaniitions Whe reeults pblished last year which dessribed the effsets of
ﬁMnmpmmuw the f.iow past ons of Whe older models eof
e hetewire liov bhmsutvters
vige those final resnondeetimo chocka have besn eencluded,
aaldbralions of Lhe rulationsidp cetwuen insvantanecus liow and pressure
drop acrosu the monooropuldant injector ardficcs will be wade Lo shwok he
Mtuu aral/sis inedndod as sippendix A %o the prusent yeporte
| Cuddbrations ol Liw latest slipment of ide~:du pressurs plokupe
have boon conplotade It wus found that hys.eresis of the dliferentiasletype
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Vanes (negligible cross -section area)

Figure I: Diagram of Monopropellant Injector.
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